Healthcare-associated infections (HAIs) are infections that (extended-spectrum /3-lactamase-producing gram-negative patients acquire during the course of receiving healthcare bacilli [ESBL] and fluoroquinolone-resistant P. aeruginosa). treatment for other conditions. The Centers for Disease Con-
The prevalence of MDROs in medical centers has increased trol and Prevention estimated that the 1.74 million HAIs steadily. 5 Older patients are among the main reservoirs of reported in 2007 cost US hospitals between $28.4 and $33.8 MDROs in the hospital. In a study conducted in a 620-bed billion. 1 In response, the US government instituted policy tertiary care healthcare facility in Boston, admission prevachanges to reduce the incidence of HAIs. Under the Affordlence per 1,000 for MRSA, VRE, and multidrug-resistant able Care Act, states were required to start reporting their gram-negative bacteria (MDRGN) was consistently higher rates of HAIs in 2012. 2 Beginning in 2015, hospitals in the among the elderly population than among other age groups, quartile with the highest number of HAIs will have their Furthermore, admission prevalence among the elderly popMedicare payments reduced by 1%. 3 ulation increased significantly over time for VRE (from 0.89 Two-thirds of all HAIs come from just 6 multidrug-resiscases per 1,000 admissions in 1998 to 3.62 cases per 1,000 tant organisms (MDROs). 4 in long-term care settings, especially those that serve the frail elderly population. 7 In a screening performed in a 120-bed skilled nursing facility in the absence of a clinical "outbreak," 43% of residents were found to be carrying a drug-resistant organism. Once introduced in a long-term care facility (LTCF), MDROs tend to become endemic. 8 Having stayed in a LTCF is a risk factor for invasive MRSA infection. In a study of patient intake forms at a 980-bed tertiary care hospital between 1996 and 1997, patients admitted from nursing homes (NHs) were 6.4 times more likely to have MRSA than those who had come to the hospital from other places. 9 NHs often have a higher prevalence of MRSA colonization than hospitals and ICUs. 1011 More than half the residents of LTCFs are thought to harbor MDRGN.
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It is important to distinguish between colonization and clinical infection. Colonization is an asymptomatic presence of pathogenic bacteria in culture specimens. Clinical guidelines for managing infections in LTCFs suggest that, in most cases, colonization with no clinical symptoms of infection should not be treated, to minimize the risk of creating MDROs. Clinical infections (ie, those that exhibit symptoms) should be treated in most cases. 1516 Furthermore, MDROcolonized LTCF residents can eventually exhibit symptoms that require treatment according to guidelines 17 and can become the source of transmission to other healthcare settings.
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The increasing prevalence of clinical MDRO infections is associated with increased lengths of stay, costs, and mortality. 29 The demand for places in LTCFs will grow substantially in the next 2 decades as the large population cohort born before 1964 ages. It is estimated that people using paid LTCFs will double to 27 million by 2050. 30 Thus, the cost and quality of care, the risk of HAIs, and the prevalence of MDROs in LTCFs are important issues for society.
There are several gaps in the literature. First, the literature does not examine the patterns of transmission to and from LTCFs and ACHs. Second, few earlier studies reported on the racial or geographic disparities in MDRO prevalence. Third, we were not able to find any study that described the transmission of the infection and its pattern of transmission across settings.
M E T H O D S
This study uses the Centers for Medicare and Medicad Services (CMS) Long Term Care Minimum Data Set (MDS). 3 ' MDS is a standardized, primary screening and assessment tool that measures physical, clinical, psychological, and psychosocial functional status and life care wishes of all residents (regardless of payer) of Medicare-or Medicaid-certified NHs. MDS data include a resident-level active MDRO infection indicator measured at admission and periodically thereafter (at least quarterly), the type of setting from which the resident is admitted, and the type of setting to which the resident is discharged. These settings include community (private home or apartment, board or care, assisted living, and group home), another NH or swing bed facility, ACH, psychiatric hospital, inpatient rehabilitation facility, intellectual disability or developmental disability facility, hospice, and long-term care hospital. Although it would be desirable to study the rates of both asymptomatic and symptomatic infections, the MDS captures only clinically symptomatic infections. Although it would be useful to include all types of LTCFs in the study, MDS data are collected only in Medicare-and Medicaidcertified NHs.
For this study, we used national MDS data for 15 months from October 1, 2010, through December 31, 2011. During this period, there were 135 days, on average, between MDS assessments, with a median of 51 days. There were approximately 16,000 facilities with at least 1 MDS record. There was at least 1 assessment record for 4,165,596 residents. On average, residents had 4.6 assessments with a median of 4 during this time period.
Our analysis sought to address the following 6 research questions: (1) What is the frequency of NH admissions from ACHs and discharges to ACHs? (2) What percentage of hospital episodes involving adults (more than 65 years old) in the United States in 2011 were either immediately preceded by an NH discharge to the hospital or immediately succeeded by admission to an NH? (3) What is the national overall prevalence of MDRO infections among NH residents, and are there demographic or geographic disparities? (4) How many NH admissions and discharges from hospitals are of individuals who have MDRO infections? (5) How many NH residents acquire MDRO infections after NH admission? (6) How long does it take for NH residents to acquire MDRO infections in NHs?
We used quantitative descriptive analysis to calculate prevalence across a number of strata. We also developed 2 algorithms to identify the possible source setting of the infection and define a unit of observation for analyzing the onset of the infection. The counts and rates reported are for the US population of NH residents during the period October 1, 2010, through December 31, 2011. Because control of MDROs is a major patient safety initiative for NHs and hospitals nationwide, we expect these rates to improve with time. Thus, we are reluctant to imply that they reflect a larger 
RESULTS

Transitions between NHs and ACHs
During the 15-month study period, there were 2,102,128 discharges from NHs to ACHs for 1,279,608 unique NH residents. These discharges represent 45% of all discharges from NHs and 30.7% of all residents who were discharged at least once. During this period, 90% of all admissions to NHs (4,399,280 admissions) came from ACHs. Approximately 2,914,705 NH residents (62.1% of all residents) were admitted to an NH immediately after discharge from ACHs.
To understand what these results could mean for all hospitals, we extrapolated the study's findings to data from the Agency for Healthcare Research and Quality's (AHRQ's) Healthcare Cost and Utilization Project (HCUP). AHRQ's HCUP reports that there were a total of 13,816,586 discharges of older adults from all hospitals in the United States in 2011. According to our calculations from MDS data for the same period, at least 2,965,678 of such hospital episodes (21.5%) were either immediately preceded by an NH discharge to the hospital or immediately succeeded by admission to an NH. Such hospital episodes were experienced by 2,046,501 NH residents (69%) who were 65 years of age and older.
These findings show that there is a very high volume of patient flow between NHs and hospitals. This indicates dramatic potential of MDRO transmission across these settings. Thus, MDRO infections in NHs are expected to have strong implications for MDRO infections in hospitals.
Prevalence of MDROs
As displayed in Table 1 , 4.24% of NH residents had a MDRO on at least 1 assessment during their NH stay. Male residents had a higher rate of infection than female residents (5.24% and 3.69%, respectively). American Indian and Alaska Natives had the highest rate of infection at 5.18%, and Asians had the lowest rate (3.70%). Infection rate by marital status varied by just over 1%, with the lowest rate among widowed residents (3.69%) and the highest rate among never married and separated residents (both at 4.87%). Residents in an urban setting had a rate of 4.28%, and those in a rural setting had a rate of 3.65%.
The rate of infection in NHs varied by age group, with the lowest prevalence among the oldest residents (those over 100 years old) at 2.11% and the highest among those 30-39 years old (7.52%) and 18-29 years old (7.12%). The age bands that represented the largest proportions of the population were 75-79 years old (13.36%), 80-84 years old (17.88%), 85-89 years old (18.63%), and 90-94 years old (11.56%), and prevalence in these groups was 4.25%, 3.99%, 3.71%, and 3.28%, respectively.
As Table 2 shows, there was a large variation in MDRO prevalence among the states, with nearly 11 percentage points separating the state with the lowest prevalence (Alabama, at 1.87%) and the state with the highest prevalence state (Rhode Island, at 11.42%).
In addition to large variations between states, there were also regional variations, as exhibited in Table 3 . The Northeast was the only region with MDRO prevalence above the national rate (5.32% vs 4.24%). Of the remaining 3 regions, the South had the lowest prevalence at 3.72%, the West had a prevalence of 3.87%, and the Midwest, at 4.18%, had a prevalence around the national average.
Looking at more granular data reveals divisions that are driving the Regional results. The South's low prevalence was fairly uniform across its 3 divisions (ie, West South Central, East South Central, and South Atlantic). The West South Central Division within the South had the lowest prevalence at 2.98%, with East South Central immediately behind at 3.19%. The South Atlantic was at 4.28%, close to the national rate. However, at the other end of the spectrum, the division with highest prevalence (New England, at 6.19%) was the main reason that the Northeast Region had the highest prevalence among the regions. Within New England, all but 1 of the 6 States had very high prevalences.
MDRO Acquisition Rates
The acquisition of MDROs in NHs can be measured by identifying residents who were MDRO negative at their first assessment after admission to the NH and MDRO positive at a subsequent assessment, or those who were MDRO positive at their first assessment after admission but for whom the time between admission and first assessment is longer than 7 days. We estimated the frequency of MDRO acquisition in ACHs by identifying residents who were already MDRO positive on their first assessment after readmission to the NH from the hospital and for whom the time between the readmission date and the date of the first assessment is shorter than or equal to 7 days. If residents were already MDRO positive at their first assessment, which was usually administered several days after the readmission to the NH, it is difficult to identify whether the MDRO onset occurred after returning to the NH or before returning. We therefore required a "clean period" of 7 days. If residents stayed in the NH more than 7 days and were MDRO positive at their first assessment in the NH, then we attributed the acquisition of MDRO to the NH; on the contrary, if their stay in NH before the first assessment was shorter than 7 days and they were MDRO positive at the first assessment, we attributed the acquisition of MDRO to other settings outside the NH. The method of estimating acquisition rates in the NHs is reasonably precise, because residents resided only at the NH during the period they converted from negative to positive. Our estimates of acquisition in the hospital are less precise, because it is possible that the resident acquired infection between the last assessment before transfer to the hospital or after returning to the NH following discharge from the hospital. A more precise estimate of hospital acquisition would require the ability to link NH assessment and hospital admission and discharge records for specific residents, which was not possible in this study. Nevertheless, with this caveat, these estimates provide a useful comparison between NH and ACH acquisition of MDROs by NH residents.
Among the 176,806 residents who had an active MDRO infection in the NH at any time during the study period, 61% (108,065) transitioned from "no infection" (coded as 0) to "infection" (coded as 1). Of those 108,065 residents who had a change in infection status from 0 to 1, we found that 57% had the change occur in the NHs, 41% had the change occur in the ACHs, and 2% had the change occur in other settings. Even though the leading source of infections seems to be NHs, ACHs are not too far behind.
To assess the onset of MDRO infections, a cohort of residents were specified for whom consecutive assessments were available throughout the study period. It is critical to define a period (ie, observation unit for a resident) in which MDRO infection indicator can be specified consistently across residents and over time. Defining an observation unit for outcome variables such as "ever reported to have an MDRO infection" is challenging. There are a variety of reasons for a resident to be assessed at various time points. Additionally, many residents will not be observed during the entire study period, because they may be outside of NHs for 1 or more times. There is no readily available consistent observation unit. Therefore, we created an observation unit from the timing of assessments of all kinds. MDRO infection was included in all assessments. Because each resident is supposed to have at least a quarterly assessment, we defined our unit of observation to be a quarter per resident. For most residents, the analysis quarters were determined by the dates of consecutive quarterly assessments. For others, 1 or more analysis quarters were defined by a combination of various assessments at different times, such as 14-day, 30-day, 60-day, quarterly, admission, or discharge assessments. These residents have multiple assessments contributing to the quarterly MDRO infection indicator. This method is more accurate in capturing residents with an MDRO infection in a quarter than a method that only looks at MDRO status at a single point in time.
An analysis quarter is defined to be at least 77 days and at most 107 days. This is consistent with the MDS manual, which indicates that quarterly assessments can be done up to 2 weeks sooner. One hundred and seven days is approximately 2 weeks longer than a calendar quarter. Two alternative definitions (up to zero days longer and up to 1 week longer) were tested, but the results did not change significantly.
Even though CMS data covers all resident assessments done in the 5 calendar quarters, very few residents will have assessments covering the full 5 quarters. These are the ones who have been residents in each of the 5 quarters, had at least a total of 6 assessments in the study period (2 dates defines a quarter), and 2 of these assessments occurred at the very beginning of the first quarter and at the very end of the fifth quarter. The majority will have at most 4 quarters of assessments. So, the longitudinal data we created include 4 quarters, which allows for 1 baseline quarter and 3 followup quarters (Table 4) . Of the 4,165,596 residents having at least 1 assessment in the study period, only 1,009,170 (24.2%) had the minimum necessary number of days between their first and last assessments (308 days). Of the 1,009,170 residents, 730,899 (72.4%) had 5 assessments separated by at least 77 days and at most 107 days.
Quarterly MDRO infection prevalence stayed steady with a slight decrease from 1.38% to 1.32% in 4 quarters. By the end of the first quarter, 0.70% of residents with no reported MDRO infections at baseline were reported to have MDRO infections. This new infection rate increased to 0.80% and 0.93% in the second and third quarters. By the end of the third quarter, almost 2% of residents with no reported MDRO infections at baseline were reported to have at least 1 episode of MDRO infection.
D I S C U S S I O N
This article explores the utility of MDS data for answering a number of important research and policy questions around prevalence and transmission of MDRO infections across care settings. Our findings show that there is a very high-volume patient flow between NHs and hospitals. At least 21.5% of all older adults' national hospital episodes involve an admission from or a discharge to an NH. Therefore, MDRO infections in one setting will have implications for MDRO infections in the other setting.
We have demonstrated that the MDS data capture useful demographic, clinical, and care transition data for hospital admissions and discharges. There are signification variations in MDRO infection prevalence in NHs across sex, age, and geographical groups. Findings include that, in NHs, male residents and younger residents are significantly more likely to have an active MDRO infection than are female residents and older residents. NHs in urban areas experience higher infection rates than do their rural counterparts. We have also demonstrated that MDS data can be used to assess MDRO transmissions across care settings. With MDS data from a longer time period, it is possible to better isolate the care setting in which MDRO infection onsets. Our findings indicate that MDRO infections are most likely to originate at NHs, followed by ACHs.
We recommend that MDS data be used as a monitoring tool and be combined with other data sets, such as HCUP, to provide a more complete picture of HAI transmissions across care settings to inform development of guidelines for prevention of HAIs.
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